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ABSTRACT 

To  determine  the  optimum  configuration  of  pits  for  protecting  generator?  from 
blast  loading,  tests  were  conducted  using  the  NCEL  Twelve-Inch  Shock  Tube.  The 
effects  of  overpressure  and  dynamic  pressure  were  considered  separately.  Over¬ 
pressure  was  measured  quantitatively  by  a  pressure  cell  mounted  in  the  bottom  of 
the  model  pi • ;  dynamic  pressure  was  measured  qualitatively  by  observing  the  bending 
of  3-  or  4-Inch  lengths  of  1/16-inch  solder.  For  the  overpressure  “esfs.  the  model  pit 
was  mounted  inside  the  shock  tube.  For  the  dynamic  pressure  tests,  the  model  pit  was 
mounted  oui  'de,  at  the  outlet  of  the  shock  tube. 

Various  parapets  and  covers  (including  grating:,  and  special  structures)  were 
installed  around  or  over  the  pit.  No  porapers  or  covers  were  found  that  appreciably 
reduce  the  overpressure  in  the  pit,  but  all  reduce  the  dynamic  pressuru  to  some  extent. 
The  parapets  make  the  least  reduction,  and  the  gratings  the  most.  Special  structures, 
such  as  louvres,  reduce  dynamic  pressure  by  various  amounts  according  ro  their  design, 
but  simplicity  and  effectiveness  moke  the  use  of  gratings  appear  more  promising. 
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INTRODUCTION 


One  of  the  deficiencies  observed  during  full-scale  tests  of  protective  shelters 
was  the  inadequate  design  of  generator  pits,  leading  to  damage  of  the  generators.  1 
The  investigation  reported  here  discusses  model  studies  of  several  parapets  and  covers 
which  can  be  applied  ta  pits  to  give  greater  protection  to  the  equipment  within. 

The  model  studies  were  made  in  a  shock  tube  where  the  shock  was  created  by  a 
compression  chamber  and  a  frangible  diaphragm. 

The  task  is  divided  inro  two  phases:  Phase  I  is  a  study  of  the  optimum  pit 
configuration  for  generator  protection;  Phase  II  is  a  study  of  optimum  loca*iore 
(including  pits)  of  generators  relative  to  a  protective  shelter,  and  will  ccnsider 
such  factors  as  generator  size,  operational  dependability,  air  requirements,  and 
blast  overpressure  range.  Only  Phase  I  is  discussed  in  this  report;  Phase  II  will 
be  reported  separately. 

This  investigation  was  sponsored  by  the  Defense  Atomic  Support  Agency 
through  the  Bureau  of  Yards  and  Docks. 


EOUIPMENT 

The  equipment  (Figures  la  and  b)  consisted  of  o  compression  chamber;  the 
shock  tube;  the  model  of  the  piv,  including  ony  attachments  thereto;  and  the 
necessary  instrumentation.  The  shock  was  generated  by  breaking  a  frangible 
diaphragm,  releasing  air  from  the  compression  chamber.  The  compression  chamber 
was  a  60-cubi.-.-foot  cylindrical  tank  of  somewhat  greater  cross-sectional  area 
than  the  shock  tube  itielf.  It  could  withstand  pressures  in  excess  of  100  psig,  but 
most  of  the  tests  were  made  with  pressures  of  50  psig  os  a  safety  precaution  against 
rupruring  the  shock  tube.  Chamber  pressures  of  50  psig  give  a  i  overpressure  of 
about  10  psig  in  the  tube,  itself. 

The  shock  tube  was  1  foot  square  and  38  feet  long.  It  was  made  of  seven 
5-foot  sections,  plus  a  3-foot  model  section,  and  could  be  shortened  by  omitting 
sections.  For  the  tests,  the  shoe*  tube  was  anchored  to  a  24-inch  I  -beam  after 
the  length  and  permanent  location  of  the  model  section  had  been  determined. 
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A  mylar  diaphragm,  8  Inches  in  diameter,  separated  Hie  shock  Kibe  from  the 
compression  chamber.  Two  layers  of  mylar,  each  abcut  0.005  inch  thick  ana  capable 
of  withstanding  45  to  50  psig,  were  used  in  Hiese  tests.  For  convenience,  when  the 
pressure  approached  the  natural  breaking  point,  the  diaphragm  was  broken  by  a  wax 
projectile  shot  from  a  modified  .22  caliber  rifle. 

The  effects  of  overpressure  were  sfuoied  wi.t.  the  model  section  mounted  at  the 
end  of  the  shock  tube.  The  model  section  was  3  feet  long,  with  a  pit  30  inches  long, 
12  inches  wide,  and  10  inches  deep,  mounted  in  the  bottom.  The  pit  could  easily  be 
reduced  in  size.  In  most  of  the  tests,  the  pit  was  9  inches  w:de,  18-3/4  inches  long, 
and  9-1/2  inches  deep. 

To  keep  the  Overpressure  from  decaying  too  rapidly,  a  choke  (Figure  2)  made 
of  several  layers  of  metal  lath  was  fastened  to  the  end  of  the  shock  tube.  This  choke 
increased  the  positive-phase  duration  from  about  40  milliseconds  to  about  400  milli¬ 
seconds.  The  overpressure  was  measured  by  four  pressure  cells  and  recorded  on  an  - 
oscillograph.  These  pressure  cells  could  be  installed  along  the  side  of  the  shock 
tube,  at  a  number  of  locations  provided,  and  on  the  side  and  bottom  of  the  model 
section. 

The  effects  of  dynamic  pressure  were  studied  with  the  model  pit  mounted  on  a 
horizontal  plane  surface  directly  downstream  from  the  outlet  of  the  shock  tube 
(Figure  1b).  At  this  location,  the  dynamic  pressure  was  about  as  strong  as  inside  Hie 
shock  tube,  but  there  appeared  to  be  more  freedom  from  questionable  aerodynamic 
behavior.  Ojring  most  of  the  tests  the  pit  was  mounted  in  a  surface  36  inches  wide 
and  40  irscKjs  long. 

The  effects  of  dynamic  pressure  were  measured  by  wires  of  1/16-inch  solder 
mounted  as  cantilevers  on  a  suitable  base  (Figure  3).  The  wire*,  in  this  matrix  bend 
more  or  less  according  to  the  dynamic  pressure  and,  within  their  obvious  limitations, 
provide  a  satisfactory  method  for  qualitative  measurement  of  dynamic  pressure  and 
prediction  of  probable  generator  damage.  They  interfere  very  little  with  the  aero¬ 
dynamic  flow  and  give  o  picture  of  the  dynamic  pressure  pattern  throughout  the  pit. 


PROCEDURE 

Prior  to  tests,  the  shock  tube  and  model  pit  configuration  was  set  up.  Ftesh 
sheets  of  mylar  were  installed  between  thj  compression  chamber  and  the  shock  lube, 
and  the  pressure  was  built  up  to  the  desired  value,  usually  45  or  50  psig.  When  the 
desired  pressure  was  reached,  a  charge  was  set  off,  breaking  the  diaphragm  and 
allowing  the  shock  to  travel  down  rhe  tube. 
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When  overpressure  was  measured,  pressure  ceils  were  installed  at  selected 
stations  along  the  shock  tube  and  in  the  pit,  and  their  outputs  were  recorded  on  the 
oscillograph.  When  dynamic  presiure  was  measured,  wire  matrices  were  installed, 
usually  on  the  side  of  the  model  pit  but  sometimes  on  the  bottom  or  downstream  end. 
After  the  shock,  the  wires  were  photographed.  Since  the  men  sure,, -rents  of  dynamic 
pressure  were  qualitative  only,  the  photographic  record  was  considered  adequate. 

PARAPETS  AND  COVERS  TESTED 

A  number  of  model  pit  parapets  and  coven  wt  e  tested,  and  the  results  were 
compored  with  tests  on  the  model  pit  alone.  The  construction  details  of  the  parapets 
and  covers  ore  given  in  Appendix  A.  The  ove. pressure  and  dynamic  pressure  tests 
included: 

1.  No  perapets  or  covers  (Figure  4a). 

2.  Double-ramp  parapet,  1-1/2  inches  high,  45-degree  slopes,  3-7/8  inches 
thick  along  bottom  and  7/8  inches  thick  along  top  (Figure  4b). 

3.  Cover  with  1-1/4-inch  overhanging  lip;  ratio  of  area  of  rectangular 
ope  ing.  A,  to  maximum  possible  opening,  AQ,  =  0.62  (Figure  4c).* 

4.  Cover  with  eight  rectangular  holes;  area  ratio  =  0.62  (Figure  4d).* 

5.  Cover  with  array  of  1/2-inch  holes;  area  ratio  =  0.62  (Figure  5o). 

O.  Louvres  arranged  on  horizontal  plane;  area  ratio  -  0.62  (Figure  5b). 

7.  Louvres  arranged  in  a  pyramid;  area  ratio  =  0.62  (Figure  5c).* 

8.  Grating;  on  approxiinafely  scaled  model  of  grating  used  in  Nevada  Test 
pits;  area  ratio  =  0.80  (Figure  5d). 

DISCl'S5ION 

Equipment 

Overpressure  Equipment  Considerations.  0"ce  the  shock  tube  had  been 
designed  and  oulTt,  it  wos  necessary  to  examine  the  shook  that  was  obtained,  and 
to  consider  possible  modifications  and  additions  to  the  shock  tube  that  might  result 


Used  In  dynamic  pressure  studies  only. 
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in  improvement.  Figure  6  shows  fh*  pickup  stations.  These  are  measured  in  inches 
along  the  shock  tube,  storting  from  the  diaphragm.  Figure  7a  shows  the  variation  of 
overpressure  with  time  at  stations  52,  202,  293,  and  450.  When  the  shock  starts  down 
the  tube,  the  front  is  steep,  the  top  nearly  flat,  and  the  decay  fairly  rapid  (about 
100  milliseconds),  but  as  the  shock  travels  down  the  tube,  the  frort  gets  even  steeper, 
the  flat  top  shortens,  and  the  decay  becomes  more  rapid  (about  15  milliseconds).  The 
ideal  shape  is  an  instantaneous  rise  to  a  maximum  followed  by  a  relatively  long 
exponential  decay  (positive-phase  duration).  A  number  of  ideas  were  tested  in  order 
to  improve  the  shape.  These  ideas  included  reducing  the  volume  of  the  compression 
chamber  by  partially  filling  it  with  water;  placing  a  baffle  a  shor*  distance  in  back 
of  the  diaphragm  to  control  the  reflected  shock;  pia-inga  perforated  disc  in  back  of 
the  diaphragm  so  that  more  time  is  required  for  all  of  the  air  to  leave  Hie  compression 
chamber;  lengthening  trie  shock  tube;  changing  the  position  of  the  model  section  in 
the  tube;  examining  the  breaking  properties  of  the  mylar  diaphragm;  and  placing  a 
choke  over  the  end  of  the  tube. 

Most  of  these  ideas  have  little  or  no  effect  on  the  shape  of  the  shock.  A 
75  percent  increase  in  the  length  of  the  tube  produces  very  minor  improvement,  ond, 
as  space  was  limited,  this  approach  to  the  problem  did  not  seem  promising.  There 
was  no  question  that  the  best  piece  for  the  model  section  is  at  the  end  of  the  tube. 

It  was  also  determined  that  if  the  mylor  breaks  near  its  natural  breaking  point,  a 
bette’-shcpec  shock  is  obtained,  but  this  behavior  is  by  no  means  critical.  Of  the 
ideas  investigated,  only  the  choke  over  the  end  of  the  tube  provides  on  appreciable 
increase  in  the  positive -phase  duration.  The  most  rofisfeefory  choke  consists  of 
several  layers  of  expanded  metal  lath  (Figure  2).  Figures  7a,  b,  c,  and  d,  show  the 
effect  of  0,  2,  4,  ond  6  layers  of  this  iath  and  the  increase  in  positive -phase  duration 
obtained. 

Dynamic  Pressure  Equipment  Considerations.  For  dynamic  pressure  tests,  the 
pit  wo;  mounted  outside  of  me  outlet  of  the  shock  tube  in  order  to  eliminate 
undesirable  effects  from  the  sides  and  top. 

The  gages  ordinarily  used  for  measuring  dynamic  pressure  disturb  the 
aerodynamic  flow.  However,  long  thin  objects,  such  as  telephone  poles,  smoke 
stacks,  and  electric  wires,  ore  quite  sensitive  to  dynamic  pressure,  but  not  to  over¬ 
pressure.  Thus,  it  should  be  possible  to  measure  qualitatively  the  amount  of  dynamic 
pressure  by  using  wires  and  observing  how  much  they  bend  when  subjected  to  a 
shock.  The  wires  must  be  of  suitable  length  ond  made  of  a  material  that  will  remain 
as  deflected  and  not  spring  back.  It  was  found  that  l/16-inch  solder  is  o  satisfactory 
material.  After  experimenting  with  this  method  of  determining  dynamic  pressure,  il 
was  discovered  tfsa t  o  similar  method  had  been  used  by  ;!.n  Suffield  Experiment 
Station  in  Canada.^ 
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Figure  8  shows  matrices  of  wire*  in  two  of  the  arrangements  used  in  the  tests 
discussed  in  this  report.  In  Figure  8a,  the  wire  matrix  was  mounted  on  the  bottom  of 
the  pit;  in  Figure  8d,  it  was  mounted  on  the  side.  The  arrow  indicates  the  direction 
in  which  the  shock  was  travelling.  Figures  9a  and  b  show  an  arrangement  of  wires 
on  both  the  leading  edge  and  in  the  bottom  of  the  pit  before  and  ufter  a  test, 
respectively.  The  photographs  of  wire  matrices  were  usually  taken  in  a  special 
set-up  constructed  for  the  purpose,  rather  than  in  the  model  pit,  which  presented 
problems  of  obstruction  and  lighting. 

In  the  first  tests,  the  wires  were  of  different  lengths  (Figure  9o).  The  longer 
wires  bend  more  easily,  and  since  the  longest  wires  .  n  the  leading  edge  of  the  pit 
were  not  much  longer  than  the  shortest  wires  on  the  bottom.  Figure  9b  shows  that 
the  dynamic  pressure  in  the  pit  was  less  than  in  the  shock  tube  itself.  After  the 
first  tests,  the  wires  were  kept  the  same  length.  In  using  this  method  of  measuring 
dynamic  pressure  there  is  a  threshold  pressure,  which  is  difficult  to  determine,  beluw 
which  the  wires  will  not  bend. 

While  investigating  the  equipment,  tests  were  made  with  several  sizes  of 
pits:  9  by  18-3/4  inches  in  plan  by  9-1/2  inches  deep  (Figure  10a);  12  by  15  inches 
in  plan  by  10  inches  deep  (Figure  10b);  ortd  9  by  11-1/4  inches  in  plor  by  10  inches 
deep  /Figure  10c).  These  figures  shew  a  comparison  of  the  pressures  in  three  different 
size  pits.  Fa  n  these  figures,  the  d1  namic  pressure  in  the  pit  appears  to  be  less  when 
the  pit  is  smaller.  Actuolly,  the  dynamic  pressure  will  be  less  when  the  dimension  of 
the  pit  in  the  direction  of  the  shock  is  shorter.  In  practice,  the  shape  of  the  pit  will 
probably  be  determined  by  the  shape  of  the  equipment  to  be  placed  in  if.  However, 
if  the  shock  can  be  expected  from  any  direction  and  several  pieces  of  equipment  are 
to  be  installed  in  the  some  pit,  this  equipment  should  be  a rranped  so  that  the  pit 
opening  con  be  as  nearly  square  and  rs  small  as  practical. 

The  aerodynamic  behavior  of  the  shock,  using  the  9-  by  18-3/4-inch  pit 
mounted  in  the  open,  is  shown  in  Figures  11a,  b,  and  c.  Figure  11a  shows  a  vertical 
arrangement  of  wires  after  a  test  was  made.  It  con  be  seen  that  the  height  of  the 
shock  was  well  maintained.  The  horizontal  arrangement  of  wires  (Figure  11b)  shows 
that  the  widrh  of  the  shock  ot  rhe  leading  edge  of  the  pit  was  cbout  the  same  as  the 
width  of  the  tube,  but  narrowed  and  deteriorated  somewhat  in  strength  at  the  trailing 
edge.  Figure  1 1c  shows  results  of  o  test  made  with  o  cover  over  the  pit  to  determine 
if  the  deteriorat  ion  in  strength  at  ibv  trailing  edge  was  due  to  the  presence  of  the 
pit  or  to  some  other  cause.  With  the  pit  covered,  the  slrock  did  not  deteriorate  at 
ti  e  trailing  edge  but  notrowed  slightly.  This  narrowing  had  been  observed  previously 
and  was  the  reason  for  using  o  pit  9  inches  wide  rather  than  one  as  wide  os  the 
Twelve-Inch  Shock  Tube.  A  pit  9  inches  wide  and  18-3/4  inches  long  is  1/16  the 
i:ze  of  a  fypico!  pit  used  with  the  microwave  towers.  It  is  also  about  1  to  6.4  the 


size  of  the  pits  used  nt  the  Nevada  Test  Site.  Figure  11c  indijofes  a  satisfactory 
behavior,  and  the  tests  were  conducted  using  the  9-  by  13-3/4-inch  pit  mounted 
in  the  open  at  the  end  of  the  shock  tube. 

Test  Results 

In  the  overpressure  tests,  the  compression  chamber  pressure  was  45  wig,  and 
two  layers  of  0.005-inch  mylar  were  used  for  the  diaphragm.  Figures  12b  and  b 
show  the  variation  of  overpressure  with  time  at  pickup  stations  293,  412,  450  (over 
the  pit),  and  450  (in  the  pit).  Figure  12b  shows  the  result  of  using  a  4-layrr  choke 
over  the  end  of  the  tube.  In  either  cose,  there  was  no  significant  difference  between 
the  overpressure  in  the  pit  and  in  the  tube  itself.  Figaro  12b  is  the  bosic  shock  shape 
used  in  making  overpressure  tests.  Figures  13a,  b,  c,  and  d  show  results  with  the 
double-ramp  parapet  surrounding  the  pit,  the  cover  with  a  large  number  of  holes,  the 
reproduced  grating,  ond  the  flat  louvres,  respectively.  Again,  in  no  case  was  there 
a  significant  difference  between  the  overpressure  in  the  pit  and  in  the  tube,  and, 
more  irriportant,  no  variation  could  be  detected  in  the  overpressure  in  the  pit  with 
the  different  parapets  and  covers.  Becouse  the  effect  of  the  parapets  and  covers  on 
the  pit  overpressure  is  so  insignifioant,  tests  were  not  made  with  the  lip,  the  cover 
with  the  eight  rectangular  holes,  or  the  pyramid  louvres. 

In  the  Vnnmic  pressure  tests,  two  layers  of  0.0C5-inch  mylar  were  again  used 
for  the  diaphragm.  As  mentioned  previously,  the  pit  was  on  r.  flat  surface  at  the  end 
of  the  tube  and  not  in  the  model  section  used  when  studying  overpressure. 

Figure  14a  shows  the  pottern  of  flow  using  a  wire  metri*  in  the  9-  by 
18-3/4-inch  pit  with  no  parapets  or  covers.  Wires  on  the  tide  of  the  pit  show  the 
aerodynamic  flow  pattern  better  than  wires  on  Hie  ends,  bottom,  or  elsewhere.  The 
dynamic  pressure  in  the  pit  was  o  fraction  (perhaps  1/10  or  less)  of  that  in  the  shock 
itself;  the  wires  in  the  pit,  although  much  longer,  were  not  bent  as  much  as  those  on 
the  leading  edge  of  the  pit  (Figure  » lb).  Thus,  without  orry  parapets  or  covers,  the 
pit  gives  good  fbut  not  good  enough)  protection  against  dynamic  pressure.  The 
Ballistic  Research  laboratory  reports  several  field  and  shock  tube  tests’^  which  also 
lead  to  this  conclus'on. 

With  the  double-rump  parapet  (Figure  4b)  surrounding  the  pit,  the  dynamic 
pressure  was  reduced  sufficiently  ot  the  top  so  that  only  the  wines  in  the  upp^r 
right  comer  were  bent  (Figure  14b).  However,  a  comparison  of  the  pattern  of  flow 
from  this  test  with  that  from  the  test  using  no  parapets  or  covers  (Figure  14a)  shows 
that  the  wires  in  the  bottom  of  the  pit  were  bent  about  as  much  gs  when  no  parapet 
surrounded  the  pit.  The  double-ramp  parajet,  therefore,  wiil  not  improve  the 
protection  if  the  equipment  is  mounted  on  the  floor  of  the  pit,  but  might  do  so  if 
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the  equipment  were  mounted  on  pilings.  Failure  of  the  wires  to  bend  does  not 
indicate  that  dynamic  pressure  is  absent,  but  rather  that  the  dynamic  pressure  is 
a  small  fraction  of  that  in  the  shock  tube,  perhaps  1/25  or  less. 

The  nex*  test  used  a  cover  with  a  rectangular  opening  (Figure  4c).  The  area 
ratio  (i.e.,  the  ratio  of  the  area  of  the  opening  to  the  area  of  the  completely  open 
pit)  was  0.62,  requiring  an  overhanging  lip  of  1-1/4  inches  on  all  four  sides.  This 
cover  and  its  effect  on  the  dynamic  pressure  can  be  seen  in  Figure  14c.  The  dynamic 
flow  pattern  is  similar  to  that  when  no  parapets  or  covers  are  used,  but  fewer  wires 
are  bent  showing  that  the  flow  pattern  is  about  half  as  wide  and  i  uggest?ng  that  the 
dynamic  pressure  has  not  been  greatly  reduced  othe-vise. 

The  dynamic  pressure  can  be  reduced  by  decreasing  the  total  area  of  the 
openings  in  the  cover  or  by  dividing  the  total  area  into  a  number  of  smaller  areas 
or  by  doing  both.  A  cover  was  constructed  with  eight  rectangular  openings 
(Figure  4d)  with  an  area  ratio  of  0.62.  With  this  cover  (see  Figure  15a)  very  few 
wires  were  bent  showing  that  the  dynamic  pressure  is  much  less  than  with  the 
unprotected  pit  and  suggests  that  the  total  area  of  the  openings  should  be  divided 
still  further.  Reducing  the  area  itself  was  not  given  much  consideration  because 
doing  so  would  also  reduce  the  ventilation. 

Next,  •  cover  with  a  large  number  of  small  holes  was  constructed,  still  with 
an  area  ratio  of  0.62  (Figure  5a).  Most  of  the  holes  were  1/2  inch  and  a  few  were 
1/4  inch.  This  cover  reduced  the  dynamic  pressure  to  a  value  too  low  to  be  detected 
by  the  wires  (Figure  15b).  Upon  comparing  the  bending  of  the  wires  in  Figure  15b 
with  the  bending  in  Figure  14a  (no  parapets  or  covers),  it  seems  reasonable  to  con¬ 
clude  that  the  protection  to  equipment  in  pits  with  this  cover  would  be  practically 
complete. 

Louvres  were  used  in  the  next  group  of  tests  (Figure  5b).  In  the  first  of  ihese 
tests,  the  louvres  were  tilted  away  from  fhe  shock  tube,  and  there  was  no  noticeable 
dynamic  pressure  in  the  pit  (Figure  16a).  Then  the  louvres  were  rotated  so  the  shock 
approached  from  the  side.  Figure  16b  shows  that  the  protection  was  much  better 
than  might  be  expected.  Because  the  pit  was  longer  than  the  tube  was  wide,  the 
wires  had  to  be  placed  on  the  end  in  Figure  16b.  Finally,  the  louvres  were  reversed 
(Figure  16c).  Even  in  this  unfavorable  orientation,  the  louvres  gave  more  protection 
from  dynamic  pressure  than  did  an  open  pit  (Figure  14a).  Nevertheless,  fhe  louvres 
will  not  be  as  satisfactory  as  some  of  the  other  covers  if  protection  is  required  from 
shocks  arriving  from  any  direction.  The  louvres  would  also  be  an  expensive  cover 
to  construct. 
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To  preclude  an  unfavorable  orientation,  a  four-sided  louvre  pyramid  (Figure  5c) 
was  constructed.  This  pyramid  wa.  tested  lengthwise,  crosswise,  and  edge-on  to  the 
shock,  and  the  results  ore  shown  in  Figures.,  17a,  b,  18a,  b,  and  c.  When  the  pyramid 
was  crosswise  or  lengthwise  to  the  rhock,  the  dynamic  pressure  was  low,  but  not  as 
low  as  with  some  of  the  other  arrangements.  However,  edge-on  to  the  shock,  the 
pyramid  performed  poorly.  For  this  reason,  and  because  it,  too,  is  expensive  to  con¬ 
struct,  the  louvre  pyramid  need  not  be  considered  further. 

The  last  cover  tested  was  a  scaled  reproduction  of  a  grating  (Figure  5d)  used 
at  the  Nevada  Test  Site.  Figures  19a  and  b  show  that  this  grating  was  at  least  as 
effective  in  reducing  the  dynamic  pressure  as  were  any  of  the  other  covers.  The 
damage  which  occured  to  the  generators  in  the  Nevada  Tests ^  was  relatively  minor 
from  the  standpoint  of  repair,  but  nevertheless  important  to  shelter  operation.  How¬ 
ever,  since  the  gratings  were  tom  loose  by  the  blast  thereby  partially  uncovering 
the  pits,  the  possibility  that  this  damage  was  caused  by  dynamic  pressure  cannot  be 
ruled  out. 

Figure  20  shows  the  grating  as  reconstructed  from  illustrations  and  other 
information  in  Reference  1.  From  this  drawing,  the  reproduced  giating  was  designed 
and  built  to  a  scale  of  1  to  6.4.  The  openings  are  small,  arid  the  area  ratio  is  0.80 
as  compared  with  0.62  for  the  other  covers,  which  should  make  this  grating  attractive 
to  use  when  ventilation  requirements  for  equipment  in  pits  are  severe. 

Model  Study 

The  justification  of  the  model  discussed  in  this  report  is  given  in  Appendix  B. 
The  geometric  scale  determines  the  size  of  the  model  relative  to  the  prototype. 
Whatever  the  geometric  scale,  the  time  changes  by  the  same  ratio,  but  the  rest  of 
the  pertinent  quantities  scale  the  same  in  the  model  as  in  the  prototype.  For  example, 
the  linear  dimensions  of  the  pits  used  in  the  Nevada  Tests  were  approximately  6.4 
times  those  used  in  the  model  discussed  in  this  report.  From  Figure  12b,  the  over¬ 
pressure  in  the  model  was  10  psig  with  a  positive-phase  duration  of  340  milliseconds. 
The  corresponding  pressure  and  positive -phase  duration  in  the  prototype  would  be 
10  psig  and  2.18  seconds  (6.4  x  340),  respectively.  Using  data  from  Reference  4, 
these  conditions  can  be  shown  to  approximate  those  produced  10,000  feet  from 
ground  zero  by  a  1 -megaton  nuclear  air  blast  at  a  6000-foot  altitude.  There  are 
innumerable  other  combinations  of  distance,  yield,  and  altitude  which  will  give 
the  same  10-psig  and  2.18-second  condition.  There  is  no  apparent  reason  to  believe 
that  the  relative  reduction  in  dynamic  pressure  is  less  for  overpressure  shocks  greater 
than  10  psig. 


8 


FINDINGS 

The  parapets  and  covers  used  in  the  attempt  to  rertoce  the  dynamic  pressure 
inside  the  model  pit  may  be  grouped  as  follows:  parapets  (double-romp  parapet) 
surrounding  the  pit,  special  structures  (iouvr^,  louvre  pyramid)  ar. J  flat  covers 
(rectangular  openings,  gratings).  None  of  these  parapets  or  covets  reduce  the 
overpressure  by  a  measurable  amount,  pointing  to  the  conclusion  that  no  signifi¬ 
cant  reduction  in  pit  overpressure  can  be  obtained  by  using  any  parapet  or  cover 
that  allows  the  free  flow  of  air  in  sufficient  quantity  to  ventilate  generators. 

The  possibility  of  reducing  the  dynamic  pressure  in  the  pits  is  more  hopeful. 
All  of  the  parapets  and  covers  reduce  the  dynamic  pressure,  but  not  to  the  some 
extent.  Parapets  surrounding  the  pit  give  the  least  reduction,  and  it  is  doubtful  if 
the  additional  protection  to  the  generator  is  great  enough  to  warrant  their 
consideration. 

Special  structures  may  reduce  dynamic  pressure  by  a  great  or  slight  amount 
depending  on  the  design  of  the  particular  structure.  The  louvres  and  louvre  pyramid 
are  not  completely  satisfactory  because  their  protection  is  directional.  In  any  case, 
special  structures  are  elaborate  and  expensive  to  construct.  Fiat  covers  show  more 
promise  because  they  are  relatively  simple,  economical,  and  highly  effective. 

Flat  covers  can  ipclude  a  multitude  of  designs,  some  effective  and  others  not 
so  effective,  but  most  "bduce  the  dynamic  pressure  in  the  pit  either  by  reducing  the 
total  area  of  the  pit  opening  or  by  dividing  the  pit  opening  into  many  small  sections. 
The  latter  approach  is  tyetter  because  the  ventilation  is  leduced  much  less.  The  flat 
covers  with  several  hundred  or  more  small  openings  ore  especially  effective  in 
reckjcing  dynamic  pressure  and  may  reduce  the  dynamic  pressure  up  to  fifty  times 
its  value  without  the  cover.  Under  this  circumstance  it  is  difficult  to  believe  that 
any  damage  will  occur  to  generators  or  other  equipment. 

The  limited  study  of  pit  sizes  and  rlj3pes  indicates  that  the  narrower  the  pit 
perpendicular  to  the  blast,  the  greater  the  protection  from  dynamic  pressure.  Since 
the  shock  could  come  from  ony  direction,  the  equipment  should  be  arranged,  if 
possible,  so  that  the  pit  could  be  nearly  square  and  as  small  as  practical. 

CONCLUSIONS 

1.  Parapets  and  covers  (grills,  gratings,  louvres,  etc.)  which  provide  a  free  flow  of 
air  sufficient  to  ventilate  generators  do  not  appreciably  reduce  the  overpressure  in 
a  pit. 
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2.  Suitable  parapets  and  coven  can  appreciably  reduce  the  dynamic  pressure  inside 
a  pit.  Of  tbe  covers  tested,  those  with  a  targe  number  of  small  openings  are  :he  most 
effective. 


3. 1  The  dynamic  pressure  inside  a  pit  piobably  cannot  be  reduced  greatly  below  that 
privlded  by  the  gratings  used  in  the  Nevada  Tests  (if  these  gratings  are  not  tom 
loose). 
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Fij^ire  2.  Choke  installed  on  end  of  shock  tube. 


Figure  3.  Matrix  of  wires  ready  for  installation. 
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•inch -square  shock  tube  showing  pickup  locations. 


shock  tub®  behavior  without  choke. 


(ov«rpr»ft»wr«;  Calibration  —  12  pti/in. 


Figure  8a.  Matrix  of  wires  mounted  on  bottom  of  pit.  Figure  9a.  Wires  used  in  sample  test:  before  test. 


Figure  8b.  Matrix  of  wires  mounted  on  side  of  pit. 
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Figure  9b.  Wires  used  in  sample  test:  after  test. 
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Figure  IQn.  Dynamic  pressure  in  pit  9  by  18-3/4  inch** 
in  plan  by  9-1/2  inches  deep. 


Figure  10c.  Dynamic  pressure  in  pit  9  by  1 1-1/* 
in  plan  by  10  inches  deep. 


■3/4  inch®*, 


fh  eight  rectangular  opening*  cover 


■3/4  inches, 


pyramid  louvre,  lengthwi*e  (A/Aq  =  0.62).  pyramid  louvre,  tidewise  (A/A  =  0.62). 


pressure  in  pit  9  by  18-3/4  inches, 
louvres,  biost-edge-on,  wires  on 


Figure  1%.  Dynamic  pressure  in  pit  9  by  18-3/4  inches; 

grating  lengthwise,  wires  on  side  (A/Aq  =  0.80). 


Appendix  A 

DESIGN  OF  THE  VARIOUS  PARAPETS  AND  COVERS 


1.  Double-Kamp  Parapets  (Figure  4b). 
on  tho  edge. 

Crott  $octio*o 


These  surrounded  the  pit  and  were  located 

Area  ratio  A/Aq  =  1.00 

A  ~  total  area  of  cover  or 
attachment  openings 

AQ  =  area  of  pit  opening 


2.  Cover  With  L«p  (Figure  4c). 


of  pit 


Area  ratio  A/Aq  = 


3.  Cover  With  Rectangular  Openings  (Figure  4d). 
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4.  Grating  With  Holes  (Figure  5a). 
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=  location  of  14 'inch  hoi**. 
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of  -s**r,  Total  36. 

Os  location  *f  V)  *»itch  hwl«s  . 
Total  522. 


Araa  ratio  A/A  =  0.62 


(total  IS) 


5.  Flat  Louvres  (Figure  5b). 

Louvre  width,  1-3/16  inches  wide,  symmetrical  about  reference  plane 
Number  of  louvre  openings  =  24 
Thickness  of  louvres  =  1/16  inch 

Spacing  between  louvres  (measured  along  horizontal  plane)  =  0.665  inch 
Louvre  angle  with  horizontal  =  45° 

Ribs:  Two,  longitudinal,  each  1/16  inch  thick,  placed  so  as  to  divide  the 
louvre  system  into  threw  longitudinal  sections 

Area  ratio  A/Ao  =  0.62 

6.  Louvre  Pyramid  (Figure  5c). 

Short  faces  had  9-inch  bases 
Long  faces  had  18-3/4-inch  bases 
Number  of  louvre  openings  =  9  (each  face) 

Thickness  of  louvres  =  1/16  inch 

Spacing  between  louvres  measured  parallel  to  face  =  0.983  inch  (short  face) 
and  0,454  inch  (long  face) 

Thickness  of  braces  =  i/16  inch 


Louvre  angle  with  horizontal  =  65°  (both  faces) 

Louvre  angle  with  plane  of  face  =  50°  (short  face)  and  35°50'  (long  face) 
Pyramid  angle  with  horizontal  =  15°  (short  face)  and  29°10'  (long  face) 
Width  of  louvres  =  1  inch,  symmetrical  about  plane  of  face 
Area  ratio  A/Aq  =  0.62 

7.  Grating  (Figure  5d  and  Figure  20) 

The  dimensions  were  estimated  from  the  photoqraphs  in  Reference  1,  and  may 
be  obtained  by  dividing  those  shown  in  Figure  20  by  5.4. 


There  are  twelve  pertinent  quantities  and  only  five  dimensions;  therefore, 
seven  Pi  terms  are  required.  Further,  certain  quantities  must  scale  the  same  in  the 
.model  as  in  the  prototype.  These  quantities  are  temperature,  gas  constant,  density 
of  air,  viscos.ty  of  air,  bulk  modulus,  and  velocity  of  sound.  Also,  the  geometrical 
factors  scale  by  n,  the  arbitrary  scale  factor  that  determines  the  relative  size  of  the 
prototype  and  the  model. 


The  following  Pi  terms  apply.  “a“  refers  to  the  scale  factor  for  the  quantity 
whose  number  (from  the  list  of  pertinent  quantities)  is  indicated  by  the  subscript. 
Thus,  "05"  is  the  scale  factor  for  velocity  of  shock. 


Dimensional  Analysis 


Pi  Term  Algebraic 

Number  Form 


Dimensional  Form 
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Since  a7  =  Qg  =  °9  =  ajg  =  °11  =  °12  =  an^  °3  ~  n'  *^e  following 
equations  are  obtained: 

K  a1  =  °2 

2-  °3  =  °4°5  =  n 

3.  a5  =  a6 


4.  a8a7a9  =  a2  =  1 

5.  an  =  a2  =  I 

6-  a9a5°3  =  a10'  n(a5)  =  ’ 

7.  a5  =  a12  =  1 

From  these  equations  (excluding  Equation  6)  it  follows  that: 


i 


=  1,  a2  =  1,  a5  =  1,  a6  = 


1  and  -  n 


The  values  of  the  o't  now  satisfy  all  of  the  Pi  terms  except  number  6,  which 
is  the  Reynolds'  number.  Inasmuch  os  the  Reynolds'  number  in  the  present  study  is 
quite  high  and  its  effect  is  more  or  iess  constant  above  100,  it  makes  little  difference 
if  Pi  term  number  6  is  scaled  or  not.  It  is  impractical  to  scale  the  Reynolds’  number, 
and  the  foregoing  provides  a  reasonable  approximation  (Reference  5,  Article  73, 
pages  158-159). 
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